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Abstract: Populations are not meeting recommended intakes of omega-3 long chain
polyunsaturated fatty acids (n-3 LCPUFA). The aim was (i) to develop a database on n-3 LCPUFA
enriched products; (ii) to undertake dietary modelling exercise using four dietary approaches to
meet the recommendations and (iii) to determine the cost of the models. Six n-3 LCPUFA enriched
foods were identified. Fish was categorised by n-3 LCPUFA content (mg/100 g categories as
“excellent” “good” and “moderate”). The four models to meet recommended n-3 LCPUFA intakes
were (i) fish only; (ii) moderate fish (with red meat and enriched foods); (iii) fish avoiders (red
meat and enriched foods only); and (iv) lacto-ovo vegetarian diet (enriched foods only). Diets were
modelled using the NUTTAB2010 database and n-3 LCPUFA were calculated and compared to the
Suggested Dietary Targets (SDT). The cost of meeting these recommendations was calculated per
100 mg n-3 LCPUFA. The SDT were achieved for all life-stages with all four models. The weekly food
intake in number of serves to meet the n-3 LCPUFA SDT for all life-stages for each dietary model
were: (i) 2 “excellent” fish; (ii) 1 “excellent” and 1 “good” fish, and depending on life-stage, 3–4 lean
red meat, 0–2 eggs and 3–26 enriched foods; (iii) 4 lean red meat, and 20–59 enriched foods; (iv)
37–66 enriched foods. Recommended intakes of n-3 LCPUFA were easily met by the consumption
of fish, which was the cheapest source of n-3 LCPUFA. Other strategies may be required to achieve
the recommendations including modifying the current food supply through feeding practices, novel
plant sources and more enriched foods.
Keywords: omega-3 long chain polyunsaturated fatty acids (n-3 LCPUFA); recommended intakes;
suggested dietary target intakes; omega-3 (n-3) enriched foods; dietary modelling
1. Introduction
There is a growing body of evidence worldwide that the consumption of omega-3 long-chain
polyunsaturated fatty acids (n-3 LCPUFA), namely eicosapentaenoic acid (EPA), docosapentaenoic
acid (DPA) and docosahexaenoic acid (DHA), is associated with numerous health outcomes,
specifically in cardiovascular disease prevention [1,2]. The National Health and Medical Research
Council (NHMRC) has set Nutrient Reference Values (NRV) for n-3 LCPUFA [3], which differ by
life-stage and gender. The NHMRC Suggested Dietary Targets (SDT) is defined as “A daily average
intake from food and beverages for certain nutrients that that may help in prevention of chronic
disease”. The SDT apply to adults and adolescents 14 years and over and the SDT for n-3 LCPUFA
are set at 610 mg/day for men and 430 mg/day for women. The International Society for the
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Study of Fatty Acids and Lipids (ISSFAL) and the National Heart Foundation of Australia (NHFA)
recommends that all Australians consume 500 mg of n-3 LCPUFA per day to lower the risk of heart
disease [4,5]. Other countries recommend the consumption of two fish meals per week which is
equivalent to 500 mg n-3 LCPUFA per day [6–11].
In recognition of the importance of DHA during pregnancy and lactation, the European
Consensus statement [12], the World Health Organization guidelines [13] and a European consensus
statement [14] all recommend 200 mg DHA/day for pregnant women, whilst the International Society
for the Study of Fatty Acids and Lipids (ISSFAL) recommend 300 mg DHA during pregnancy and
lactation [4]. Despite the international recommendation for DHA during pregnancy, many pregnant
women lack the understanding and knowledge of the importance of DHA [15] and also do not meet
the recommendation of 200 mg DHA per day [16]. A useful pamphlet has been developed specifically
designed to increase awareness of DHA for pregnant women and consequently increase n-3 LCPUFA
intake [17].
A small study in the Illawarra region of New South Wales, Australia showed that the median
intake of n-6 and n-3 PUFA was 9.9 g and 1.2 g per day respectively [18]. Similar results were
found from the National Nutrition Survey (NNS, n = 13,858) where the intakes of n-6 and n-3
PUFA were 10.9 and 1.36 g per day respectively [19], showing that Australians consume 8 times
more n-6 PUFA than n-3 PUFA. Furthermore, the linoleic acid intakes were 10.64 g per day and
the DHA intakes were only 0.1 g per day [20]. A study by Lassek et al. showed that DHA from
breast milk was positively associated with cognitive performance, whilst LA from breastmilk was
negatively associated with cognitive performance [21], suggesting that increased consumption of n-3
PUFA including DHA is warranted. The main dietary source of n-3 LCPUFA is fish/seafood (66%),
followed by meat/poultry/game (29%) and eggs (5%) [18], with similar results from the NNS, with
fish/seafood (71%), meat/poultry/game (20%) and eggs (6%) the major contributors to n-3 LCPUFA
intakes [19]. Given that meat/poultry/game contributed at least 20% to n-3 LCPUFA intakes, this
NNS was re-analysed after analytical fatty acid data became available on meat [22]. The re-analysed
NNS showed that the previous reports under-estimated the contribution of meat to the n-3 LCPUFA
intakes, as meat contributed close to 50% of n-3 LCPUFA intakes [20,23]. This is not because meat
itself is a rich source of n-3 LCPUFA but because Australians consume at least 7 times more meat than
fish/seafood [18–20]. Concurrently, recent reports on consumption show that Australians are not
meeting n-3 LCPUFA recommendations [19,24–26]. Hence, there is a need to explore more practical
options of achieving the recommended n-3 LCPUFA intake that provide consumers with a range of
food-based choices to meet their dietary needs.
Although some groups have suggested the use of n-3 LCPUFA enriched foods [4,27–29] to meet
recommendations, none have specified amounts of n-3 LCPUFA-enriched foods and beverages that
need to be consumed to meet recommendations and that are commercially available. Food-based
guidelines for meeting the recommended target of 500 mg per day of combined docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA) typically focus on: “2–3 serves (150 g) of oily fish per
week” [5]. Whilst enriched foods and drinks are mentioned in recommendations, there is little
dietary information available for consumers on alternative ways to meet daily or weekly n-3 LCPUFA
intake. Despite many food products being enriched with n-3 LCPUFA in Australia, there is no
comprehensive, up-to-date database on these foods.
Therefore, the aim of this study was (i) to develop a database on n-3 LCPUFA enriched foods
and beverages; (ii) to undertake dietary modelling exercises using four dietary approaches to meet
the nationally-set recommended n-3 LCPUFA intake for different life-stages; and (iii) to determine
the cost of obtaining 100 mg of n-3 LCPUFA from the different food sources.
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2. Experimental Section
2.1. Database
A supermarket trawl was undertaken to identify all n-3 LCPUFA enriched products available
from four supermarkets in the metropolitan areas of Wollongong and Sydney in New South Wales,
Australia. All n-3 LCPUFA enriched products were identified and the full name of the food, serving
size, energy, macronutrient and total polyunsaturated fat, total n-6, total n-3, alpha-linoleic acid
(ALA), EPA, DHA and total n-3 LCPUFA were recorded where available. In addition, the n-3 source
was noted and cost per serve, as well as per 100 g, was calculated. A total of six products were
identified and used in the modelling (see Appendix Table A1). These products included n-3 LCPUFA
enriched bread, eggs, yoghurt, milk, flavoured beverage powder, and almond meal.
2.2. Models
Foods were included in the model if they met the Food Standards Australia New Zealand
(FSANZ) Food Standards Code for voluntary n-3 fatty acid nutrition claims [30]. A claim that a
food is a “source” of n-3 PUFA must contain no less than 200 g of ALA or 30 mg total EPA and DHA
per serve, while a “good source” must contain no less than 60 mg total EPA and DHA per serve.
Docosapentaenoic acid (DPA) is not included in the content claim recommendations, even though
it contributes to n-3 LCPUFA intakes [2,19,23]. Serving sizes were consistent with National Dietary
Guidelines for Australians [31] and set at 100 g of cooked fish or meat.
Diets were modelled using the NUTTAB2010 foods database [32]. Three subgroups of fish were
developed based on n-3 LCPUFA content. Fish was categorized by n-3 LCPUFA content as “excellent”
(ě1200 mg/100 g), “good” (200–1200 mg/100 g) and “moderate” (<200 mg/100 g) (Table 1).
The average n-3 LCPUFA content of all meats were calculated using NUTTAB2010 by averaging
n-3 LCPUFA content of all cooked lean cuts of meat. Red meat (beef, lamb, veal) and pork, met the
FSANZ source claim of at least 30 mg of DHA and EPA per serve (100 g). Pork and chicken were
not used in the dietary modelling due to their lower n-3 LCPUFA content compared to red meat.
The average n-3 LCPUFA (DHA, EPA, DPA) for red meat, including beef, lamb and veal, was set at
119 mg/100 g, and a cut with approximately 119 mg/100 g serve was used in the model (e.g., beef
mince, lamb shanks, scotch fillet).
Table 1. Types of fish and red meat used in the model categorized by content of n-3 LCPUFA.
Excellent Source of n-3
LCPUFA Fish Good Source of n-3 LCPUFA Fish
Moderate Source of n-3 LCPUFA
Fish and Red Meat
ě1200 mg/100 g 200–1200 mg/100 g <200 mg/100 g
Salmon, trout, silver
perch, canned salmon
(pink or red)
Smoked salmon, bream, anchovy,
mullet, tinned tuna, snapper, flathead,
calamari/squid, oysters, mussels
Barramundi, whiting, tilapia, prawn,
fish fingers, shark (flake), fish cake, fish
battered Beef, lamb, veal
Four dietary models were developed and calculated based on weekly intake. Model 1
included fish/seafood only (high fish consumers) equivalent of 2–3 “excellent/moderate” LC n-3
fish serves/week. Model 2 included some fish (moderate fish consumers) and equivalent to a
maximum of 1 “excellent” LC n-3 fish serve/week in addition to lean red meat, eggs and n-3 LCPUFA
enriched foods. Model 3 did not include fish, but did include lean red meat, eggs and n-3 LCPUFA
enriched foods (non-fish consumers). Model 4 included only n-3 LCPUFA enriched foods (suitable for
lacto-ovo vegetarian diets). Within each model, serves of red meat and fish as well as dairy and eggs
were modelled based on the National Dietary Guidelines for Australians. Red meat was maximized
at 3–4 weekly serves, fish at 2–3 weekly serves, dairy at three serves per day, eggs at six per week and
bread at up to six slices or three serves per day.
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2.3. Recommended Intake
The total n-3 LCPUFA in each model was calculated and compared to the NHMRC NRV SDT [3].
The SDT was multiplied by seven to calculate weekly target intakes. The NHMRC have SDT for n-3
LCPUFA for 14 year olds and older males at 610 mg/day and for females at 430 mg/day [3]. For the
purposes of this modelling exercise, the SDT were adjusted for other age groups based on the age
and sex-specific energy intakes for each age group [25]. For example, mean energy intake for 2–3 year
old boys was 53% of that of 14–16 year olds [20], and hence the adjusted SDT (aSDT) for n-3 LCPUFA
for 2–3 year old boys (323 mg/day) was set at 53% of the SDT for 14–16 year olds (610 mg/day). The
other age groups were calculated according to their proportion of energy intake. Similar calculations
were carried out for the various age groups for girls, using 430 mg per day for the 14–16 year old girls [26].
2.4. Cost Analysis
Average costs per pack in Australian dollars, per 100 g and per serve were recorded during the
supermarket trawl and obtained online. The price for each popular lean cut of meat was obtained
for supermarket-branded meats and averaged for beef, lamb and veal; lean red meat was calculated
using the ratio of (beef + veal): lamb, or 4.3:1. Cost per 100 g (cooked weight) of lean red meat was
then calculated. For fish and seafood, the average price of fresh, frozen and tinned/processed forms
were obtained. The cost of obtaining 100 mg of n-3 LCPUFA for each diet modelled was calculated.
n-3 LCPUFA values for classification into “excellent”, “good” and “moderate” were taken from
NUTTAB 2010 (http://www.foodstandards.gov.au/consumerinformation/nuttab2010/).
3. Results
All four dietary models were able to meet the SDT for all life stages (Table 2). In model 1 the
recommended SDT were easily met for all life-stages with two serves of “excellent” sources of n-3
LCPUFA (Table 1). At three serves of fish per week, SDT were met if one serve was an “excellent”
source (Table 1) and the other two serves were “good” sources. Specifically for children, the SDT
were met by a combination of “excellent” and “moderate” n-3 LCPUFA fish sources. For example, a
2–3 year old child could consume 100 g tinned salmon (an “excellent” source), and 100 g tinned tuna
(a “good” source) to meet their weekly SDT.
In model 2 (Table 2), the type of fish was maximised at one serve of “excellent” fish per week
and, therefore, a weekly intake of one “moderate” or “good” source of fish, four red meat serves
(maximum serves per dietary guidelines) and the inclusion of three to 26 weekly serves of n-3
LCPUFA enriched foods (including enriched and non-enriched eggs) was necessary to meet the SDT
recommendations. For children, where the SDT is lower than adults (see methods), a combination
of “good” and “moderate” sources of fish was sufficient. The SDT for all children could be met with
either: two fish serves per week (a “good” and a “moderate” source) and meat and enriched foods;
or one serve of fish per week (an “excellent” source) and enriched foods. For 2–3 year old children
as an example, 100 g of crumbed fish cake made with salmon (a “good” source), 100 g crumbed
fish fingers (a “moderate” source), 300 g of mince, 3 n-3 LCPUFA enriched eggs and 7 ˆ 90 g n-3
LCPUFA enriched yoghurts would be needed per week to meet their weekly SDT. For adult males
using model 2, the SDT was reached with two serves of fish (an “excellent” and a “moderate” source),
400 g of lean beef, six enriched eggs, eight cups of milk and 10 slices of bread per week.
In model 3 (Table 2), where individuals do not consume fish, the maximum recommended four
serves of red meat intake was necessary to meet the SDT for all life stages. All egg intake had to be
n-3 LCPUFA enriched and up to 59 weekly serves, or about 8 serves per day of n-3 LCPUFA enriched
products per day were also necessary. For a 2–3 year old child, this translates to 400 g mince, 6 n-3
LCPUFA enriched eggs and 3 cups of n-3 LCPUFA enriched milk a week, and approximately two
slices of n-3 LCPUFA enriched bread and just over 100 g of n-3 LCPUFA enriched yoghurt per day. A
sample diet to meet the SDT for adults of all life stages would be 400 g beef, six enriched eggs, two
kilograms of yoghurt, 28 slices of bread and 11 cups of milk per week.
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Table 2. Weekly food intake to meet the Suggested Dietary Target (SDT) n-3 LCPUFA intakes for all life-stages (2y+).
Food
Model 1 Model 2 Model 3 Model 4
Fish Only Moderate Fish No fish Vegetarian
Serves SampleDiet Serves Sample Diet Serves Sample Diet Serves Sample Diet
Fish
2 serves of
“excellent”
fish
100 g
Atlantic
salmon
200 g fish
cake made
with salmon
1 serve of
“excellent” fish
plus 1 serve of
“good” or
“moderate” fish
100 g Atlantic salmon
100 g King prawns Nil Nil Nil l
Lean red meat Nil Nil 3–4 serves 400 g beef 4 serves 400 g beef Nil Nil
Eggs 1 Nil Nil 0–2 serves Nil Nil Nil Nil Nil
n-3 LCPUFA
enriched foods 2 Nil Nil 3–26 serves
6 eggs 10 slices bread
8 cups milk
20–59 serves (3–8
serves per day)
6 eggs 21 ˆ 90 g tubs
of yoghurt 28 slices
bread 10.5 cups milk 7
serves beverage
powder
37–66 serves
(5–9 serves)
6 n-3 eggs 21 ˆ 90 g
tubs of yoghurt 28
slices bread 2 Friands
made with DHA
almond meal 16 cups
milk 7 serves of
beverage powder
Model 1—2–3 serves of fish serves per week only (no red meat or n-3 LCPUFA enriched foods); Model 2—Maximum of 1 “excellent” source of n-3 LCPUFA fish per week with
red meat and n-3 LCPUFA enriched foods; Model 3—Red meat and n-3 LCPUFA enriched foods only (no fish); Model 4—n-3 LCPUFA enriched foods only suitable for lacto-ovo
vegetarians. 1 Whole non-enriched eggs; 2 Includes n-3 LCPUFA enriched eggs.
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Model 4, the lacto-ovo vegetarian diet (Table 2) excludes two significant sources of n-3 LCPUFA,
namely fish and red meat (beef/veal/lamb) and therefore the remaining source of n-3 LCPUFA in the
diet included only n-3 LCPUFA enriched foods and eggs, which are maximised at six eggs per week
by the National Heart Foundation recommendation. In order to meet the SDT for all life stages, a
minimum of 37 and a maximum of 66 n-3 LCPUFA enriched food serves need to be consumed in
one week. This translates to all milk, bread and egg consumption to be in the n-3 LCPUFA enriched
form. An adult would need to consume enriched foods in model 3 plus 2 Friands (a type of muffin
traditionally made with almond meal and popular in Australia) made with DHA almond meal and
5.5 cups of milk per week to meet their SDT.
The amount of n-3 LCPUFA (g per 100 g), the average cost per 100 g of food (fish or enriched
food) and the cost per 100 mg of n-3 LCPUFA is shown in Figure 1. Excellent sources of fish (sardines
and salmon) are amongst the most expensive foods but they provide the most n-3 LCPUFA and hence
are the least expensive when expressed as cost per delivery of 100 mg n-3 LCPUFA. Lean meats
are comparable in cost to excellent sources of fish but contain far less n-3 LCPUFA than fish and
therefore are amongst the highest cost per delivery of 100 mg n-3 LCPUFA. The n-3 enriched foods
have very low levels of n-3 LCPUFA per 100 g of food and hence the cost per delivery of 100 mg
n-3 LCPUFA is much higher than fish. Excellent sources of fish provide the greatest amount of n-3
LCPUFA and the cost per 100 mg n-3 LCPUFA is the least (Figure 1). Fish oil supplements also provide
high levels of n-3 LCPUFA and the cost per delivery of 100 mg n-3 LCPUFA is approximately 0.04
AUD. Unlike supplements that only provide vitamin E, the foods provide other nutrients in addition
to n-3 LCPUFA: fish provides selenium, iodine, zinc; eggs provide iodine, selenium and biotin; meats
provide iron, vitamin B12 and zinc; yoghurt and milk provide calcium; and bread provides fibre.
Nutrients 2015, 7, page–page 
5 
Model 4, the lacto‐ovo vegetarian diet (Table 2) excludes two significant sources of n‐3 LCPUFA, 
namely fish and red meat (beef/veal/lamb) and therefore the remaining source of n‐3 LCPUFA in the 
diet included only n‐3 LCPUFA enriched foods and eggs, which are maximised at six eggs per week 
by the National Heart Foundation recommendation. In order to meet the SDT for all  life stages, a 
minimum of 37 and a maximum of 66 n‐3 LCPUFA enriched food serves need to be consumed in one 
week. This tra slates to all milk, bre d and egg consumption to be in the n‐3 LCPUFA enriched form. 
An  adult would  need  to  consume  enriched  foods  in model  3  plus  2  Friands  (a  type  of muffin 
traditionally made with almond meal and popular in Australia) made with DHA almond meal and 
5.5 cups of milk per week to meet their SDT. 
The amount of n‐3 LCPUFA (g per 100 g), the average cost per 100 g of food (fish or enriched 
food) and the cost per 100 mg of n‐3 LCPUFA is shown in Figure 1. Excellent sources of fish (sardines 
and salmon) are amongst the most expensive foods but they provide the most n‐3 LCPUFA and hence 
are the least expensive when expressed as cost per delivery of 100 mg n‐3 LCPUFA. Lean meats are 
comparable in cost to excellent sources of fish but contain far less n‐3 LCPUFA than fish and therefore 
are amongst the highest cost per delivery of 100 mg n‐3 LCPUFA. The n‐3 enriched foods have very 
low levels of n‐3 LCPUFA per 100 g of food and hence the cost per delivery of 100 mg n‐3 LCPUFA 
is much higher than fish. Excellent sources of fish provide the greatest amount of n‐3 LCPUFA and 
the cost per 100 mg n‐3 LCPUFA is the least (Figure 1). Fish oil supplements also provide high levels 
of n‐3 LCPUFA and the cost per delivery of 100 mg n‐3 LCPUFA is approximately 0.04 AUD. Unlike 
supplements  that  only  provide  vitamin  E,  the  foods  provide  other  nutrients  in  addition  to  n‐3 
LCPUFA:  fish  provides  selenium,  iodine,  zinc;  eggs  provide  iodine,  seleniu   and  biotin; meats 
provide iron, vitamin B12 and zinc; yoghurt and milk provide calcium; and bread provides fibre. 
 
Figure 1. The amount of n‐3 PUFA in fish and enriched foods, average cost * per 100 g of food and 
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Figure 1. The amount of n-3 PUFA in fish and enriched foods, average cost * per 100 g of food and per
100 mg of n-3 LCPUFA. (* Cost estimated in December 2012.) Almond meal was excluded from the
figure due to very low n-3 LCPUFA content.
4. Discussion
The nutritional intakes of n-3 LCPUFA (and DHA) of Australian men is 0.298 g per day (0.117 g
per day); of Australian women is 0.195 g per day (0.083 g per day); of Australian elderly people is
0.219 g per day (0.096 g per day) [20] and of pregnant women 0.263 g per day (0.099 g per day) [16].
The SDT for n-3 LCPUFA were achieved for all life-stages with all four dietary models. The weekly
food intake to meet the n-3 LCPUFA SDT for all life-stages for each dietary model was: 2 serves
of an “excellent” source of n-3 LCPUFA fish (Model 1), 1 serve of an “excellent” and 1 serve of a
“good” source of n-3 LCPUFA fish, 3–4 serves of lean red meat, 0–2 serves of eggs and 3–26 serves of
n-3 LCPUFA enriched foods (Model 2), 4 serves of lean red meat, and 20–59 serves of n-3 LCPUFA
enriched foods (Model 3), 37–66 serves of n-3 LCPUFA enriched foods (Model 4).
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In the Australian diet, the median n-3 LCPUFA intake in adults (n = 10,851) was approximately
125 mg/day [22], which is well under the target of 500 mg/day [5]. A more recent Australian National
Nutrition Survey conducted in 4487 children aged 2–16 years old showed that the median intakes
ranged from 56 mg/day (2–3 years old) to 98 mg/day (14–16 years old) and only 6% of children met
the SDT for n-3 LCPUFA per day [26]. Therefore, there is a need to increase n-3 LCPUFA in the diets
of Australian adults and children in order to meet the SDT.
Fish/seafood, meat, eggs, n-3 LCPUFA enriched products and supplements are virtually the
only sources of n-3 LCPUFA in Australia. Despite fish and seafood being the richest source of n-3
LCPUFA, they are not widely consumed by adults and children [33]. Based on the 1995 National
Nutrition Survey and the 2007 Australian National Children’s Nutrition and Physical Activity, the
mean daily fish consumption in Australia was approximately 27 g for adults [33] and 13 g for
children, whilst the median fish intake was zero [26]. Only 20% of children consumed fish or
seafood and of the children that did consume fish and seafood, these children were originally born
in countries where fish/seafood is traditionally eaten, like Japan, Korea and the Seychelles [26].
However the vast majority of Australians consume meat in quantities at least 7 times greater than
fish/seafood [18–20,26], hence meat has been shown to be a major contributor of n-3 LCPUFA intake
(47%) to the Australian diet [19,20,22,25,26]. In the model for fish avoiders (model 3), approximately
half of the n-3 LCPUFA was derived from lean red meat and half from n-3 LCPUFA enriched products.
Interestingly, increased meat consumption has been shown to be associated with lower odds of
depression [34].
Diets that exclude fish, red meat and eggs are usually lower in n-3 LCPUFA [35]. The
plant-based n-3 PUFA ALA can be converted into EPA and DHA, but the conversion rate is very
inefficient [36,37]. Therefore, a lacto-ovo vegetarian diet would need to include n-3 LCPUFA
enriched products or, alternatively, take encapsulated fish oil or micro-algal oil. However, long-term
consumption of encapsulated fish oil may not be feasible for many individuals due to compliance,
while enriched foods have been shown to be effective in increasing LC n-3 intake and status [27,38].
Therefore, the food industry is encouraged to develop a wider range of enriched staple food products
with higher concentrations of n-3 LCPUFA that include both algal and fish sources of n-3 LCPUFA.
It is possible to meet n-3 LCPUFA intake with enriched foods, but it may not be feasible or
practical long-term, due to the source of n-3 LCPUFA and the increased cost associated with enriched
foods. Some enriched foods such as the almond meal, bread and the powdered beverage drink all use
tuna oil as the source of n-3 LCPUFA. Therefore, these products would only be suitable for vegetarians
that include fish in their diets. In addition, there is the burden of increased cost associated with a diet
high in n-3 LCPUFA enriched products, as these products are more expensive than the un-enriched
varieties. Lacto-ovo vegetarians may need to take algal supplements containing n-3 LCPUFA in
order to meet SDT due to the unrealistic goal of consuming up to 66 serves of enriched foods per
week. Furthermore, a recent Australian population based study by Rahmawaty et al. [39] showed
that replacement of actual bread, milk, egg, and yoghurt consumption with n-3 LCPUFA enriched
varieties, doubled the n-3 LCPUFA median intakes in non-fish consumers, without major dietary
changes [39]. This doubling of intakes in non-fish consumers, still falls far short of the SDT, and
hence there is a need for a wider range of enriched foods and supplements for lacto-ovo-vegetarians
that include algal sources of n-3 LCPUFA.
The majority of Australians with low n-3 LCPUFA intake are people that do not consume
fish/seafood since there are more non-fish consumers than consumers who do not meet the SDT for
the prevention of chronic disease [40]. Furthermore, vegans have much lower n-3 status compared to
omnivores [35], as they do not consume preformed n-3 LCPUFA in their diets and solely rely on the
conversion of ALA to n-3 LCPUFA.
In terms of cost, on average the cost of quality lean red meat is similar to that of “excellent”
and “good” sources of fish (Table 3). Fish is one of the cheapest sources when expressing the cost
per 100 mg n-3 LCPUFA. Atlantic Salmon costs approximately 29 AUD per kilogram, but only costs
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16 cents per 100 mg n-3 LCPUFA (equivalent to 80 cents per 500 mg n-3 LCPUFA). Meat is on average
25 AUD per kilogram, but costs 2 AUD per 100 mg n-3 LCPUFA (equivalent to $10 per 500 mg n-3
LCPUFA), which is more than 10-fold higher than Atlantic salmon. In terms of providing 100 mg n-3
LCPUFA, the n-3 LCPUFA enriched foods are comparable to, or slightly cheaper than, lean red meat,
but are more expensive when compared to fish. Australians consume at least seven times more meat
than fish [18] and on average consume 160 g per day [18], which demonstrates their willingness to
pay for it. Given the similarities in cost per kilogram, fish is by far the better option when assessing
the amount of n-3 LCPUFA per cost. However Australians do not consume fish for a variety of
reasons including the smell, bones, pollutants, family members not liking it, taste, the preparation and
price [41]. Amongst the fish consumers, price was the main negative effect for consuming fish [40,41],
however, this study clearly shows that the average cost of fish is similar to that of lean red meat, yet
fish supplies 10 times more n-3 LCPUFA than lean red meat.
Based on Australian food culture and eating patterns, non-fish sources of n-3 LCPUFA are
increasingly important for meeting SDT for n-3 LCPUFA. The modelling research highlights the
difficulties in currently meeting the SDT for n-3 LCPUFA if you are a non-fish or low-fish consumer,
as very high and regular consumption of enriched food products are required. This may not be
feasible for many consumers due to cost implications, compliance issues and availability of enriched
products. Therefore, there is a need for a greater variety of staple foods enriched with n-3 LCPUFA,
such as spreads, oils, breads and cereals, to make it easier for consumers to meet the SDT.
Better use of waste in existing fisheries [42,43] will contribute to sustainable sources of n-3
LCPUFA and a range of new research projects are underway to provide a range of sustainable
long-term dietary solutions to meet n-3 LCPUFA needs. This includes research on land plant sources
of n-3 LCPUFA [44] for use as feedstock in livestock production and aquaculture and novel plant
sources of n-3 LCPUFA [45].
The easiest way of achieving the SDT for n-3 LCPUFA, is the consumption of two “excellent”
or “good” fish meals per week. Furthermore, in addition to n-3 LCPUFA, fish also contains
other vital nutrients like iodine, selenium, zinc, and is a good source of protein. Hence further
research is required on how to encourage more frequent consumption of fish and seafood amongst
Australian consumers.
5. Conclusions
The SDT can be achieved for adults and children with two serves of fish containing
2000 mg/100 g n-3 LCPUFA per week without red meat and enriched foods. Fish avoiders who
consume red meat can meet SDT recommendations via four serves of red meat/week and at least
20 serves of enriched foods per week, while lacto-ovo vegetarians need at least 37 serves of enriched
foods per week. These 4 modelled diets meet the SDT for all life stages. Therefore, Australians are
encouraged to meet their n-3 LCPUFA intake by either: an increase in fish/seafood consumption
from sustainable sources, or ensure that they meet n-3 LCPUFA recommendations by consuming a
combination of red meat, n-3 LCPUFA enriched products and/or fish/algal supplements. Further
research is required on how to encourage more frequent consumption of fish and seafood amongst
Australian consumers.
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Appendix
Table A1. n-3 LCPUFA enriched products and the non-enriched varieties.
Food Type Full Name of Food(Including Brand Name)
Serve
Size (g)
Units
per
Serve
Serve
Unit
Name
Total
FAT/100 g
n-3 LC
PUFA
mg/100
g
n-3 Source PackSize
Units
per
Pack
Average
Price
$/Pack
Average Price
AUD/100 g
AUD/Serve
Bread Tip Top 1 Sunblest Up Omega-3 DHAwholemeal/sandwich bread
74–78 g 2 slice 3.5 44 Tuna oil 0.3% 700 g 18 3.98
0.57/100 g
0.45/serve
Bread Tip Top 1 Sunblest Up WholemealBread/White Sandwich 74–78 g 2 slice 3.5 N/A N/A 650 g 18 3.99 0.57/100 g
Egg Pace Farm Omega-3 FreeRange Body Egg 102 2
egg 9.9 200 N/S 700 g 12 6.30
0.90/100 g
0.52/egg
Egg Pace Farm Cage Eggs 102 2 egg 9.9 N/S N/S 700 g 12 4.62
0.66/100 g
0.39/egg
Egg Pace Farm Cage-Free Liberty Eggs 102 2 egg 9.9 N/S N/S 700 g 12 5.35
0.76/100 g
0.45/egg
Egg Veggs for Families Organic
Grain Fed Hens 104 2
egg 10.1 110 N/S 700 g 12 5.99
0.90/100 g
0.50/egg
Egg Farm Pride free range Omega 3 700 g 104 2 egg 9.4 110 Algal (Life’s DHA) 700 g 12 6.49
0.93/100 g
0.54/egg
Egg Farm Pride free range Omega 3 600 g 90 2 egg 9.15 50 Algal (Life’s DHA) 600 g 12 6.49
1.08/100 g
0.54/egg
Eggs Home Brand Woolworths 104 2 egg 9.9 110 N/S 700 g 12 2.69
0.38/100 g
0.22/egg
Eggs Coles Free Range Eggs 104 2 egg 10.0 N/S N/S 700 g 12 5.33
0.76/100 g
0.44/egg
Eggs Ecoeggs 100 2 egg 10.1 230 N/S 550 g 10 6.42
0.64/egg
1.17/100 g
Yoghurt Vaalia “My first yoghurt” for infants
>6 months—Vanilla 60 1
cup 2.7 67 DHA algal oil 60 g 6 3.79
1.05/100 g
0.63/tub
Yoghurt Vaalia for toddlers >12
months—Vanilla 90 1
cup 2.7 67 DHA algal oil 90 g 6 4.49
0.83/100 g
0.75/tub
Yoghurt Vaalia for toddlers >12
months—Peach 90 1
cup 2.8 67 DHA algal oil 90 g 6 4.49
0.83/100 g
0.75/tub
Yoghurt Vaalia for toddlers >12months—Strawberry 90 1
cup 2.8 67 DHA algal oil 90 g 6 4.49
0.83/100 g
0.75/tub
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Table A1. Cont.
Food Type Full Name of Food (IncludingBrand Name)
Serve
Size (g)
Units
per
Serve
Serve
Unit
Name
Total
FAT/100 g
n-3 LC
PUFA
mg/100
g
n-3 Source PackSize
Units
per
Pack
Average
Price
$/Pack
Average Price
AUD/100 g
AUD/Serve
Yoghurt Vaalia for toddlers yoghurtvanilla & peach 90 1 tub 3.1 N/A N/A 90 g 6 4.89
0.91/100 g
0.82/tub
Yoghurt baby Yoplait (for ages >6
months)—Pear/Peach 100 1 tub 3.1 N/A N/A
100 g 4 3.99
1.00/100 g
1.00/tub
Milk Dairy Farmers “Kids” Milk 250 mL 1 cup 3.4 120 n-3 DHA oil 1000mL 4 2.69
0.27/100 mL
0.67/cup
Milk Pura Kids Milk 250 mL 1 cup 8.5 30 Tuna oil 2000mL 8 4.27
0.21/100 mL
0.53/cup
Milk
Dairy Farmers New Regular milk
(2% fat) 250 mL 1
cup 2 N/A N/A 1000mL 4 2.24
0.56/cup
0.22/100 mL
Milk
Farmers Best—source of
Omega-3 250 mL 1
cup 1.4 13.2 N/S 1000mL 4 2.56
0.64/cup
0.26/100 mL
Milk Farmers Best—Original 250 mL 1 cup 1.4 N/A N/A 1000mL 4 2.63
0.66/cup
0.26/100 mL
Milk beverage
powder
Boost foods Nutriboost
Chocolate 27
N/A N/A 2.1 117 refined tuna oil 430 g 16 5.80
1.35/100 g
0.36/serve
Milk beverage
powder
Boost foods Nutriboost
Strawberry 43 N/A N/A 1 117 refined tuna oil 430 g 10 5.80
1.35/100 g
0.58/serve
Baking Lucky Almond Meal Omega 3 14 g * N/A N/A 50.6 0.12 tuna oil 100 g N/A 3.73
3.73/100 g
0.52/serve
Baking Lucky Almond Meal 14 g * N/A N/A 50.6 N/A N/S 200 g N/A 6.71
3.36/100 g
0.47/serve
Juice Berri Australian Fresh JuiceOrange Extra Pulp Omega 250 mL 1
cup <1 50 fish oil 1000mL 4 4.63
1.16/100 mL
1.16/serve
Juice Berri Australian FreshOrange Extra Pulp 250 mL 1
cup <1 N/A N/A 1000mL 4 4.02
1.00/serve
1.00/100 mL
* 14 g is the equivalent used to make one Friand based on a standard Women’s Weekly Magazine recipe. N/A—not applicable; N/S—not specified.
8611
Nutrients 2015, 7, 8602–8614
References
1. GISSI-Prevenzione Investigators (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
miocardico). Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial
infarction: Results of the gissi-prevenzione trial. Gruppo Italiano per lo studio della sopravvivenza nell1
infarto miocardico. Lancet 1999, 354, 447–455.
2. Yokoyama, M.; Origasa, H.; Matsuzaki, M.; Matsuzawa, Y.; Saito, Y.; Ishikawa, Y.; Oikawa, S.;
Sasaki, J.; Hishida, H.; Itakura, H.; et al. Effects of eicosapentaenoic acid on major coronary events in
hypercholesterolaemic patients (JELIS): A randomised open-label, blinded endpoint analysis. Lancet 2007,
369, 1090–1098. [CrossRef]
3. National Health and Medical Research Council. Nutrient Refernce Values for Australia and New Zealand;
Commonwealth of Australia: Canberra, Australia, 2006.
4. Cunnane, S.; Drevon, C.; Harris, W.; Sinclair, A.; Spector, A. Recommendations for Intake of Polyunsaturated
Fatty Acids in Healthy Adults; International Society for the Study of Fatty Acids (ISSFAL). Available online:
http://www.issfal.org/statements/pufa-recommendations/statement-3 (accessed on 21 May 2013).
5. National Heart Foundation of Australia. Position Statement. Dietary Fats and Dietary Cholesterol for
Cardiovascular Health; National Heart Foundation of Australia: Canberra, Australia, 2009.
6. American Heart Association Nutrition Committee; Lichtenstein, A.H.; Appel, L.J.; Brands, M.;
Carnethon, M.; Daniels, S.; Franch, H.A.; Franklin, B.; Kris-Etherton, P.; Harris, W.S.; et al. Diet and lifestyle
recommendations revision 2006: A scientific statement from the American Heart Association nutrition
committee. Circulation 2006, 114, 82–96.
7. Brasseur, D.; Delzenne, N.; Henderickx, H.; Huyghebaert, A.; Kornitzer, M.; Ulens, M. Recommendations and
Claims Made on Omega-3 Fatty Acids; Superior Health Council of Belgium: Brussel, Belgium, 2004.
8. Colquhoun, D.; Ferreira-Jardim, A.; Udell, T.; Eden, B. Nutrition andMetabolism Committee of the National
Heart Foundation of Australia. In National Heart Foundation of Australia Position Statement: Fish, Fish Oils,
n-3 Polyunsaturated Fatty Acids and Cardiovascular Health; National Heart Foundation of Australia: Canberra,
Australia, 2008.
9. Kris-Etherton, P.M.; Innis, S.; Ammerican Dietetic Association; Dietitians of Canada. Position of the
American Dietetic Association and Dietitians of Canada: Dietary fatty acids. J. Am. Diet. Assoc. 2007,
107, 1599–1611. [PubMed]
10. Health Council of Netherlands. Guidelines for a Healthy Diet; Health Council of the Netherlands: The Hague,
The Netherlands, 2006.
11. Srinath Reddy, K.; Katan, M.B. Diet, nutrition and the prevention of hypertension and cardiovascular
diseases. Public Health Nutr. 2004, 7, 167–186. [PubMed]
12. European Food Safety Authority. Scientific Opinion on Dietary Reference Values for fats, including
saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, trans fatty acids and
cholesterol. EFSA J. 2010, 8, 1461. [CrossRef]
13. FAO/WHO. Interim summary of conclusions and dietary recommendations on total fat & fatty acids.
In Proceedings of the Joint FAO/WHO Expert Consultation on Fats and Fatty Acids in Humen Nutrition,
WHO HQ, Geneva, Switzerland, 10–14 November 2008.
14. Koletzko, B.; Cetin, I.; Brenna, J.T.; Perinatal Lipid Intake Working Group; Child Health Foundation;
Diabetic Pregnancy Study Group; European Association of Perinatal Medicine; European Society for
Clinical Nutrition and Metabolism; European Society for Paediatric Gastroenterology; Hepatology and
Nutrition; et al. Dietary fat intakes for pregnant and lactating women. Br. J. Nutr. 2007, 98, 873–877.
[PubMed]
15. Sinikovic, D.S.; Yeatman, H.R.; Cameron, D.; Meyer, B.J. Women1s awareness of the importance of
long-chain omega-3 polyunsaturated fatty acid consumption during pregnancy: Knowledge of risks,
benefits and information accessibility. Public Health Nutr. 2009, 12, 562–569. [CrossRef] [PubMed]
16. Cosatto, V.F.; Else, P.L.; Meyer, B.J. Do pregnant women and those at risk of developing post-natal
depression consume lower amounts of long chain omega-3 polyunsaturated fatty acids? Nutrients 2010,
2, 198–213. [CrossRef] [PubMed]
17. Emmett, R.; Akkersdyk, S.; Yeatman, H.; Meyer, B.J. Expanding awareness of docosahexaenoic acid during
pregnancy. Nutrients 2013, 5, 1098–1109. [CrossRef] [PubMed]
8612
Nutrients 2015, 7, 8602–8614
18. Ollis, T.E.; Meyer, B.J.; Howe, P.R. Australian food sources and intakes of omega-6 and omega-3
polyunsaturated fatty acids. Ann. Nutr. Metab. 1999, 43, 346–355. [CrossRef] [PubMed]
19. Meyer, B.J.; Mann, N.J.; Lewis, J.L.; Milligan, G.C.; Sinclair, A.J.; Howe, P.R. Dietary intakes and food sources
of omega-6 and omega-3 polyunsaturated fatty acids. Lipids 2003, 38, 391–398. [CrossRef] [PubMed]
20. Howe, P.; Meyer, B.; Record, S.; Baghurst, K. Dietary intake of long-chain omega-3 polyunsaturated fatty
acids: Contribution of meat sources. Nutrition 2006, 22, 47–53. [CrossRef] [PubMed]
21. Lassek, W.D.; Gaulin, S.J. Linoleic and docosahexaenoic acids in human milk have opposite relationships
with cognitive test performance in a sample of 28 countries. Prostaglandins Leukot Essent. Fat. Acids 2014, 91,
195–201. [CrossRef] [PubMed]
22. Williams, P. Nutritional composition of red meat. Nutr. Diet. 2007, 64, S113–S119. [CrossRef]
23. Howe, P.; Buckley, J.; Meyer, B. Long-chain omega-3 fatty acids in red meat. Nutr. Diet. 2007, 64, S135–S139.
[CrossRef]
24. Meyer, B. Australian children dietary intakes with a focus on dietary fats. Lipid Technol. 2014, 26, 253–255.
[CrossRef]
25. Meyer, B.J. Are we consuming enough long chain omega-3 polyunsaturated fatty acids for optimal health?
Prostaglandins Leukot Essent. Fat. Acids 2011, 85, 275–280. [CrossRef] [PubMed]
26. Meyer, B.J.; Kolanu, N. Australian children are not consuming enough long-chain omega-3 polyunsaturated
fatty acids for optimal health. Nutrition 2011, 27, 1136–1140. [CrossRef] [PubMed]
27. Murphy, K.J.; Meyer, B.J.; Mori, T.A.; Burke, V.; Mansour, J.; Patch, C.S.; Tapsell, L.C.; Noakes, M.;
Clifton, P.A.; Barden, A.; et al. Impact of foods enriched with n-3 long-chain polyunsaturated fatty acids on
erythrocyte n-3 levels and cardiovascular risk factors. Br. J. Nutr. 2007, 97, 749–757. [CrossRef] [PubMed]
28. Patch, C.S.; Tapsell, L.C.; Mori, T.A.; Meyer, B.J.; Murphy, K.J.; Mansour, J.; Noakes, M.; Clifton, P.M.;
Puddey, I.B.; Beilin, L.J.; et al. The use of novel foods enriched with long-chain n-3 fatty acids to increase
dietary intake: A comparison of methodologies assessing nutrient intake. J. Am. Diet. Assoc. 2005, 105,
1918–1926. [CrossRef] [PubMed]
29. Sioen, I.; Devroe, J.; Inghels, D.; Terwecoren, R.; de Henauw, S. The influence of n-3 PUFA supplements and
n-3 PUFA enriched foods on the n-3 LC PUFA intake of flemish women. Lipids 2010, 45, 313–320. [CrossRef]
[PubMed]
30. Food Standards Australia New Zealand. Claims in Relation to Omega Fatty Acid Content of Foods;
Commonwealth of Australia: Canberra, Australia, 2000; pp. 68–69.
31. National Health & Medcial Research Council. Dietary Guidelines for Australians; Australian Government
Publishing Service: Canberra, Australian, 2003.
32. Food Standards Australia New Zealand. NUTTAB2010; Food Standards Australia New Zealand: Canberra,
Australia, 2006. Available online: http://www.foodstandards.gov.au/science/ monitoringnutrients/
nutrientables/pages/default.aspx (accessed on 10 October 2013).
33. McLennan, W.; Podge, A. National Nutrition Nurvey Selected Highlights, Australia 1995; Australian
Government Publishing Service: Canberra, Australian, 1997.
34. Meyer, B.J.; Kolanu, N.; Griffiths, D.A.; Grounds, B.; Howe, P.R.; Kreis, I.A. Food groups and fatty acids
associated with self-reported depression: An analysis from the australian national nutrition and health
surveys. Nutrition 2013, 29, 1042–1047. [CrossRef] [PubMed]
35. Mann, N.; Pirotta, Y.; O1Connell, S.; Li, D.; Kelly, F.; Sinclair, A. Fatty acid composition of habitual omnivore
and vegetarian diets. Lipids 2006, 41, 637–646. [CrossRef] [PubMed]
36. Burdge, G.C.; Finnegan, Y.E.; Minihane, A.M.; Williams, C.M.; Wootton, S.A. Effect of altered dietary
n-3 fatty acid intake upon plasma lipid fatty acid composition, conversion of [13c]alpha-linolenic acid to
longer-chain fatty acids and partitioning towards beta-oxidation in older men. Br. J. Nutr. 2003, 90, 311–321.
[CrossRef] [PubMed]
37. Burdge, G.C.; Wootton, S.A. Conversion of alpha-linolenic acid to eicosapentaenoic, docosapentaenoic and
docosahexaenoic acids in young women. Br. J. Nutr. 2002, 88, 411–420. [CrossRef] [PubMed]
38. Metcalf, R.G.; James, M.J.; Mantzioris, E.; Cleland, L.G. A practical approach to increasing intakes of n-3
polyunsaturated fatty acids: Use of novel foods enriched with n-3 fats. Eur. J. Clin. Nutr. 2003, 57,
1605–1612. [CrossRef] [PubMed]
8613
Nutrients 2015, 7, 8602–8614
39. Rahmawaty, S.; Lyons-Wall, P.; Charlton, K.; Batterham, M.; Meyer, B.J. Effect of replacing bread, egg, milk,
and yogurt with equivalent omega-3 enriched foods on omega-3 LCPUFA intake of Australian children.
Nutrition 2014, 30, 1337–1343. [CrossRef] [PubMed]
40. Rahmawaty, S.; Lyons-Wall, P.; Batterham, M.; Charlton, K.; Meyer, B.J. Food patterns of Australian children
ages 9 to 13 y in relation to omega-3 long chain polyunsaturated intake. Nutrition 2014, 30, 169–176.
[CrossRef] [PubMed]
41. Rahmawaty, S.; Charlton, K.; Lyons-Wall, P.; Meyer, B.J. Factors that influence consumption of fish and
omega–3-enriched foods: A survey of Australian families with young children. Nutr. Diet. 2013, 70,
286–293. [CrossRef]
42. Naylor, R.L.; Hardy, R.W.; Bureau, D.P.; Chiu, A.; Elliott, M.; Farrell, A.P.; Forster, I.; Gatlin, D.M.;
Goldburg, R.J.; Hua, K.; et al. Feeding aquaculture in an era of finite resources. Proc. Natl. Acad. Sci. USA
2009, 106, 15103–15110. [CrossRef] [PubMed]
43. Turchini, G.; Gunasekera, R.; de Silve, S. Effect of crude oil extracts from trout offal as a replacement for fish
oil in the diets of the australian native fish murray cod maccullochella peelii peelii. Aquac. Res. 2003, 34,
697–708. [CrossRef]
44. Wu, G.; Truksa, M.; Datla, N.; Vrinten, P.; Bauer, J.; Zank, T.; Cirpus, P.; Heinz, E.; Qiu, X. Stepwise
engineering to produce high yields of very long-chain polyunsaturated fatty acids in plants. Nat. Biotechnol.
2005, 23, 1013–1017. [CrossRef] [PubMed]
45. Turchini, G.M.; Nichols, P.D.; Barrow, C.; Sinclair, A.J. Jumping on the omega-3 bandwagon: Distinguishing
the role of long-chain and short-chain omega-3 fatty acids. Crit. Rev. Food Sci. Nutr. 2012, 52, 795–803.
[CrossRef] [PubMed]
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
8614
